Nitrogen-linked five-membered heteroaryls are obtained by conversion of 2-carboxyheteroarenes into N-(2-heteroaryl)-1-methylpyrrole-2-carboxamides. The procedure is based on a simple thermal rearrangement of thiophene or selenophene carbonyl azides in neat 1-methylpyrrole at 90 o C.
Introduction
Pseudohalides, as azide and isocyanate, are important functional groups in synthetic organic chemistry and have been widely used as regio-and stereo-controlled precursors of the amino function. 1 The azido transfer reaction of lithiated five-membered 2-and 3-heteroaryls with tosyl azide provides a convenient entry to the otherwise problematic nitrogen-linked heteroaryls containing one heteroatom 2 but, unfortunately, there are drawbacks. 3 The 2-heteroaryl azides show a general tendency to suffer from a low-temperature ring cleavage fragmentation and are often only formed in low yield. 4 The conversion of certain aryl isocyanates into amines has been investigated 1c and those derived from five-membered heteroaryls remain virtually unexplored, although their preparation is readily feasible from available carbonyl azido precursors.
5
The literature contains a number of similar procedures for the conversion of heteroaryl isocyanates into amines, 5 and these have been classified according to their stability. Most such procedures deal with the conversion of the initial isocyanate into amides under protic or Lewis acid conditions, or by the addition of organometallic reagents.
6
In recent years thiophenecarbonyl azides, normally available from the corresponding carboxylic acid via the acyl chloride and trimethylsilyl azide, have been valuable materials in nitrogenlinked thiophene synthesis. 7 As a continuation of our research on the synthesis of nitrogen-linked five-membered heteroaryls we now report an efficient conversion of 2-carboxyheteroarenes into N-(2-heteroaryl)-1-methylpyrrole-2-carboxamides. The procedure is based on a simple thermal rearrangement of heteroaryl carbonyl azides 1a-6a in neat 1-methylpyrrole. A number of synthetic analogues of the potent antitumoral distamycin and netropsin have been found to have excellent cytotoxicity and anticancer activity. The 1-methylpyrrole-2-carboxamides, formed by amino-heteroaryl derivatives, are of special interest as a potential nitrogen mustard of the distamycin type 8 and the heteroaryl amide linkage might be considered to play a synergistic role on bioactivity.
9
Results and Discussion
The starting carbonyl azides 1a-6a were prepared in high yields (90-72%) from readily available carboxylic acids by the procedure developed by Weinstock, 10 partially modified by using the less hazardous treatment of mixed carboxylic-carbonic anhydrides with trimethylsilyl azide instead of acyl chlorides and sodium azide Significantly 1-methyl-N-(2-thiophene)-(1), 1-methyl-N-(2-selenophene)-(2) and 1-methyl-N-(2-furano)-(3) -1H-pyrrole-2-carboxamide are obtained in good yields by mild thermal rearrangement (at 90 o C) of the appropriate carbonyl azides 1a, 2a and 3a in 1-methylpyrrole This study was likewise extended to para-like substituted thiophene carbonyl azides 4a and 5a (R = Me, SiMe3; X = S), and selenophene 6a (R = SiMe3; X = Se) (Scheme 1). The reactions of 1a-6a were followed by GC-MS analysis. This analysis of the thermolysis mixtures supports the evidence that the rearrangement results almost exclusively in the formation of the corresponding methyl 1H-pyrrole-2-carboxamides 1-6 (m/z 206, 254, 190, 220, 278 and 326, respectively) . Products 1-6 were purified by chromatography and the precise structures were confirmed by: 1 H-, 13 C-NMR, IR and high-resolution mass spectra (Table 1 ). The mass spectra (E.I 70 eV) exhibit appropriate molecular ions and a base peak corresponding to the favourable cleavage of the C-N amide bond to give the 1-methylpyrrole acyl cation (m/z 108) as the primary fragmentation product. Moreover, the thermal reaction of 1a also takes place in neat pyrrole affording a high yield of (2-thiophene)-1H-pyrrole-2-carboxamide, whose structural assignment was made on Consequently, our intermolecular thermal fragmentation of heteroaryl carbonyl azides most likely involves a mechanism that requires further investigation. Photochemical Curtius rearrangements are often characterised by the final presence of nitrene trapping by-products; however thermolysis is a concerted process, faster than nitrene formation. 12 On thermolysis of carbonyl azides 1a-6a in 1-methylpyrrole, the resulting pyrrole-2-carboxamides are presumed to involve the intermediacy of the corresponding isocyanate. In this case, the successful outcome of such thermal reactions is ascribable to the pronounced acidic property of the pyrrole 2-proton. 13 In conclusion, in the present report we have shown that the thermal rearrangement of chosen heteroarylcarbonyl azides in neat 1-methylpyrrole (or pyrrole) can be usefully employed in the preparation of a series of potentially bioactive pyrrole-N-(2-heteroaryl)-2-carboxamides. 
